Introduction {#sec1}
============

The CaMK1 family of calmodulin-dependent kinases are widely expressed including in hepatocytes, endothelia, immune cells, and the CNS.^[@ref1],[@ref2]^ There are four CaMK1 isoforms with high similarity in the kinase domain, especially the ATP binding site, but that differ in their overall structure and tissue distribution.

Single-nucleotide polymorphisms in the CaMK1D locus are associated with increased incidence of diabetes in a large number of genome-wide association studies (GWAS).^[@ref3]−[@ref6]^ While these variations are noncoding, it has been demonstrated that the diabetes-associated polymorphism rs11257655 increases FOXA1 transcription factor binding and thereby increases CaMK1D protein expression in multiple cell models.^[@ref7]^ A direct role for CaMK1D in glucose processing has been observed following knock-down of commonly observed GWAS-identified proteins in primary human hepatocytes.^[@ref8]^ In this model, treatment with CaMK1D siRNA results in loss of nuclear translocation of the established diabetes target CRTC2/TORC2^[@ref9]−[@ref11]^ and is associated with decreased gluconeogenesis and increased glycogen deposition.

Increased CaMK1D expression is also implicated in triple-negative breast cancer (TNBC). Large-scale genomic/transcriptomic analyses of breast tumors indicate that gains at the 10p13 locus, which spans the CaMK1D gene, are observed in 80% of TNBC tumors^[@ref12]^ with high occurrence in estrogen receptor-negative and TNBC tumors of younger patients.^[@ref13]^ In a separate study, biopsies from 172 breast cancer patients showed significant gains at the 10p13 locus among basal-like tumors, leading to CaMK1D overexpression at transcriptional and protein levels.^[@ref14]^ When expressed in nontumorigenic mammary epithelial cells (MCF10A), CaMK1D was found to lead to transformation, increasing proliferation and inducing a mesenchymal-like phenotype.^[@ref14]^ Mouse models also corroborate the effect of overexpressing CaMK1D on altered cell proliferation and apoptosis.^[@ref15]^

Despite the emergence of CaMK1D as a potentially important therapeutic target, there are no known selective CaMK1 inhibitors. We therefore sought to develop potent and selective inhibitors of this class of kinases for use in target validation experiments, ahead of further translational studies.

Results and Discussion {#sec2}
======================

Compound **1** and derivatives thereof have received significant attention as inhibitors of spleen tyrosine kinase (SYK) and may have utility in the treatment of autoimmune disease or lymphomas.^[@ref16]−[@ref19]^ Previously published selectivity data shows compound **1** to have inhibitory activity against CaMK1D,^[@ref20]^ and as such we selected this as the basis for a structure-based drug discovery campaign, with the aim of improving the potency and selectivity of compounds from this series toward CaMK1D. We initially examined the compound-induced shift in the thermal denaturation midpoint (*T*~m~) of a small panel of kinases, in order to allow rapid quantification of the binding to both CaMK1D and off-target kinases ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). Initial chemical efforts focused on alterations in the primary amide and amine regions, resulting in compounds **2**--**6**, which demonstrate comparatively steep structure--activity relationships when either the primary amide or primary amine are substituted. Substitution of the secondary amine to give compound **3** is well tolerated and results in an apparent improvement in kinase selectivity, with further derivatization leading to compound **6**, which demonstrated a higher *T*~m~ shift against CaMK1D and improved selectivity relative to earlier compounds. Separation of the enantiomers of this compound led to compounds **7** and **8**, the latter of which has previously been reported as a SYK inhibitor^[@ref17]^ but has higher activity against CaMK1D than its enantiomer and demonstrates a more favorable activity profile relative to compounds **1** and **2** in both *T*~m~ and enzymatic assays.

###### Structure--Activity Relationships of Pyrimidine Amides[b](#t1fn1){ref-type="table-fn"}

![](jm9b01803_0015){#GRAPHIC-d7e829-autogenerated}

![](jm9b01803_0022){#gr15}

Compounds tested at Reaction Biology, *n* = 1.

All data represent mean of at least *n* = 3 independent experiments with standard deviation in parentheses, unless otherwise noted.

Based on these results, we evaluated the pan-kinome selectivity of **8** in a competitive binding assay at 1 μM, which demonstrated a somewhat targeted profile. CaMK1D and SYK are among the 11 wild-type kinases inhibited by \>90% in this format, supported by subsequent enzymatic selectivity data against selected targets ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"} and [SI](http://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.9b01803/suppl_file/jm9b01803_si_003.pdf)).

![Selectivity data against selected wild-type kinases for compound **8**. ^*a*^Compounds tested at Eurofins DiscoverX, *n* = 1. ^*b*^Compounds tested at Reaction Biology, *n* = 1.](jm9b01803_0001){#fig1}

As expected the CaMK1D-bound crystal structure of compound **8** ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}) shows that the compound binds at the ATP binding site in a type-1 fashion. A comparison of the binding mode of related compounds in SYK (e.g., PDB: 4RX9) demonstrated a slight shift in binding mode resulting from differences in the conformation of the loop at residues 163--165 (corresponding to 510--512 in SYK) as well as a flip in the orientation of the aniline *meta*-substituent in CaMK1D to occupy a pocket adjacent to L100 at the edge of the hinge region. The L100 pocket appears significantly larger in CaMK1D than the majority of the observed off-targets where structural data was available. In addition, the second *meta* region that is not utilized by **8** is close to the potentially flexible side chain of E105. We hypothesized that flipping of the orientation of the aniline allows the ligand to avoid the L100 pocket when binding to some off-target kinases. This led to the design of compound **9** that removes this ambiguous binding mode by occupying both the L100 and E105 regions.

![Compound **8** bound to CaMK1D (6T6F, white) and overlay with related SYK structure (4RX9, yellow). Important residues and inhibitors are shown in stick representation. For better visibility, the P-Loop has been made transparent.](jm9b01803_0002){#fig2}

This bis-*meta* substitution pattern was well tolerated by CaMK1D when assessed by *T*~m~ shift and resulted in a significant decrease in the binding to off-targets including SYK ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}). Further SAR studies identified that a wide range of functional groups can be tolerated at the L100 pocket, with introduction of groups with a wide range of lipophilicity and bonding potential able to maintain or even enhance binding and selectivity ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}).

###### Effects of Varying Aniline Substitution on Potency and Selectivity[a](#t2fn1){ref-type="table-fn"}

![](jm9b01803_0016){#GRAPHIC-d7e950-autogenerated}

                              *T*~m~ shift (°C)                                                                                                         
  -------- ------------------ ------------------- --------------------------------------------- ------------- ------------- ------------- ------------- -----------------------------------------------
  **8**    3-CF~3~            10.5 (0.04)         9.05 (0.36)                                   5.92 (0.45)   3.77 (0.12)   5.02 (0.36)   8.32 (0.28)   0.186 (0.027)
  **9**    3,5-diCF~3~        13.3 (0.09)         4.13 (0.57)                                   6.07 (0.06)   5.89 (0.1)    3.88 (0.24)   3.98 (0.05)   0.455 (0.451)
  **10**   3-*t*Bu            9.61 (0.16)         4.58[b](#t2fn2){ref-type="table-fn"} (0.33)   3.02 (0.09)   3.02 (0.56)   2.27 (0.22)   2.09 (0.44)   0.277[c](#t2fn3){ref-type="table-fn"} (0.053)
  **11**   3-SO~2~Me          7.85 (0.09)         5.23 (0.18)                                   4.21 (0.09)   5.11 (0.02)   5.33 (0.09)   1.78 (0.65)   0.101 (0.07)
  **12**   3-Ph               11.9 (0.26)         9.32 (0.29)                                   4.81 (0.11)   3.79 (0.01)   4.5 (0.26)    4.96 (0.06)   0.047 (0.026)
  **13**   3-(2-cyano*i*Pr)   7.76 (0.24)         5.00 (0.28)                                   3.32 (0.39)   9.51 (0.19)   2.85 (0.28)   1.3 (0.2)     0.096 (0.05)

All data represent mean of at least *n* = 3 independent experiments with standard deviation in parentheses.

Measured on racemic compound.

*n* = 2.

The binding affinity and selectivity for CaMK1D were further improved by combining these structural features in symmetrical and unsymmetrical bis-*meta* substituted anilines, especially those containing substituents that place electron density above and below the aniline ring plane. The clearest example of this is compound **14**, which is too lipophilic to be a useful lead compound but nonetheless exhibits a very high *T*~m~ shift with CaMK1D and negligible off target binding. Evaluation of **14** in pan-kinome selectivity assay reveals highly specific binding to CaMK1D and the closely related CaMK1A and CaMK1B, again supported by enzymatic evaluation ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"} and [SI](http://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.9b01803/suppl_file/jm9b01803_si_003.pdf)).

![Selectivity data against selected wild-type kinases for compound **14**. *T*~m~ shift data represents mean of at least *n* = 3 independent experiments with standard deviation in parentheses, see [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.9b01803/suppl_file/jm9b01803_si_003.pdf) for experimental details. ^*a*^Compounds tested at Eurofins DiscoverX, *n* = 1. ^*b*^Compounds tested at Reaction Biology, n = 1.](jm9b01803_0003){#fig3}

Our hypothesis is that the disconnect between the apparent high binding of **14** observed by *T*~m~ shift and the competitive binding assay at DiscoveRx, compared to the lower activity in competitive inhibition assays, relate to its poor physiochemical properties, which may lead to compound losses during serial dilution.

Despite the issues with properties in this specific example, we believed **14** demonstrated the potential to achieve high selectivity in this series and therefore sought to combine this selectivity with improved potency and physical properties by exploiting the wide SAR scope at the aniline *meta* positions. Subsequent evaluation of a wide range of aniline substituents generally validated our hypothesis that "bulky" substituents are favored for both potency and selectivity.

This work led to compounds **15**--**18**, which show good binding and selectivity in both *T*~m~ and enzymatic assays. Selected compounds were assessed for their ability to inhibit autophosphorylation of CaMK1D at activation loop residues serine 179 and threonine 180 in overexpressing MDA-MB-231 cells. This data demonstrated that the inhibitors have limited cell drop-off for compounds with no additional H-bond donors or basic centers ([Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}). Pan-kinome screening data on **18** ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}) shows that the high selectivity of **14** can be maintained in compounds with more favorable physicochemical properties, with enzymatic data on identified off-targets demonstrating \>150-fold greater activity against CaMK1D than all non-CaMK1 kinases.

###### Effects of Varying Substitution of Bis-*meta*-Substituted Anilines on Potency and Selectivity

![](jm9b01803_0017){#GRAPHIC-d7e1311-autogenerated}

                                           *T*~m~ shift (°C)   CaMK1D IC~50~ (μM)                                                                             
  -------- --------------- --------------- ------------------- -------------------- ------------- --------------- ------------- ------------- --------------- -----------------------------------------------
  **15**   *i*Pr           *i*Pr           11.9 (0.15)         8.20 (0.37)          4.65 (0.19)   4.05 (0.07)     5.95 (0.17)   0.62 (0.32)   0.115 (0.051)   0.285[b](#t3fn2){ref-type="table-fn"} (0.013)
  **16**   *t*Bu           SO~2~Me         11.8 (0.25)         0.87 (0.38)          3.83 (0.19)   1.85 (0.16)     1.09 (0.06)   0.94 (0.46)   0.027 (0.005)   0.028[b](#t3fn2){ref-type="table-fn"} (0.011)
  **17**   2-cyano-*i*Pr   Ph              15.9 (0.13)                              4.8 (0.2)     --0.21 (0.37)   1.95 (0.02)   1.11 (0.14)   0.022 (0.009)   0.019[b](#t3fn2){ref-type="table-fn"} (0.001)
  **18**   2-cyano-*i*Pr   2-cyano-*i*Pr   11.5 (0.17)                              3.46 (0.23)   0.56 (0.16)     0.27 (0.16)   0.81 (0.27)   0.031 (0.003)   0.008 (0.002)

All data represent mean of at least *n* = 3 independent experiments with standard deviation in parentheses, unless otherwise noted.

*n* = 2.

![Selectivity data against selected wild-type kinases for compound **18**. ^*a*^Compounds tested at Eurofins DiscoverX, *n* = 1. ^*b*^Compounds tested at Reaction Biology, *n* = 2 independent experiments with standard deviation in parentheses, except ^*c*^*n* = 1.](jm9b01803_0004){#fig4}

The *in vitro* pharmacokinetic profile of **18** reveals generally favorable properties with high solubility, low metabolism, and moderately high plasma protein binding (PPB), but low permeability with some evidence of efflux in the CaCo2 model ([Table [5](#tbl5){ref-type="other"}](#tbl5){ref-type="other"}). This low permeability does not appear to impact either cellular activity or oral pharmacokinetics, where **18** shows good bioavailability in mice and rats despite moderately high clearance.

The oral pharmacokinetic profile of **18** in mice scaled well at doses up to 100 mg/kg, and the PPB-adjusted cover over cellular IC~50~ observed suggested that this compound may be suitable for *in vivo* target validation studies ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}).

![*In vivo* pharmacokinetic profile of **18** in male CD-1 mice (25--40 g) and male Crl:CD Sprague--Dawley rats (250--400 g) dosed in 10% DMSO/90% hydroxypropyl-β-cyclodextrin (20% w/v), *n* = 3 per group. Free cell IC~50~ was calculated by dividing measured cellular IC~50~ by free fraction in mouse plasma.](jm9b01803_0005){#fig5}

In order to improve the potential utility of these compounds, we sought to identify a lead compound with improved potency and reduced clearance in order to allow for greater cover in the *in vivo* experiments at reduced doses. In common with **18**, a large number of compounds from this series demonstrated high solubility, low A--B/high B--A CaCo2 permeability and moderate to low metabolism in mouse microsome and hepatocyte assays. However, the *in vivo* clearance of the compounds was often greater than estimated liver blood flow, suggesting that hepatic metabolism is not the key driver of clearance in mouse.

A more detailed evaluation of the *in vivo* pharmacokinetics of **18** revealed a similar picture. Despite its high *in vivo* clearance, metabolite identification studies on rat *ex vivo* plasma samples reveal only low levels of metabolites, resulting from oxidation, acetylation, or amide hydrolysis (potentially subsequent to acetylation), while analysis of urine collected from **18** dosed rats reveals that renal excretion of unchanged drug at least partially contributes to clearance.

Despite the poor predictivity of the *in vitro* pharmacokinetic assays, optimization of the aniline region of the compounds was continued, relying on *in vivo* studies to distinguish compounds that showed suitable *in vitro* activity profiles. This work led to the finding that compounds containing 4-pyridyl substituents such as that seen in **19** exhibited retained or enhanced activity in CaMK1D enzyme and cell assays with similar selectivity ([Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}, [Table [4](#tbl4){ref-type="other"}](#tbl4){ref-type="other"}) but reduced *in vivo* clearance. Examination of the structure activity relationships around this structural change revealed similar SAR to that observed with the anilines. Our hypothesis is that the pyridyl nitrogen is protonated in the bound state, supported by experimental data revealing that **19** is dibasic, with p*K*~a~ values of 8.7 and 7.5 for the primary amine and pyridine, respectively.

###### Effects of Introducing 2,6-Di-isopropylpyridine on Potency and Selectivity of Compound **19**[a](#t4fn1){ref-type="table-fn"}

![](jm9b01803_0018){#GRAPHIC-d7e1689-autogenerated}

           *T*~m~ shift (°C)   CaMK1D IC~50~ (μM)                                                            
  -------- ------------------- -------------------- ------------ ------------- ------------- --------------- ---------------
  **19**   16.0 (0.24)         5.25 (0.02)          1.54 (0.2)   2.34 (0.06)   0.55 (0.24)   0.008 (0.001)   0.011 (0.001)

All data represent mean of at least *n* = 3 independent experiments with standard deviation in parentheses.

![Selectivity data against selected wild-type kinases for compound **19**. ^*a*^Compounds tested at Eurofins DiscoverX, *n* = 1. ^*b*^Compounds tested at Reaction Biology data, *n* = 2 independent experiments with standard deviation in parentheses, except ^*c*^*n* = 1.](jm9b01803_0006){#fig6}

The increased potency and higher *in vivo* blood concentrations seen with **19** result in significantly improved free cover over the cellular IC~50~ in mouse ([Figure [7](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}), and consistent with the low CaCo2 A--B/high B--A seen with this compound, the free plasma to brain ratio is ≤0.01 at all time points to 24 h. The compound retains high pan-kinome selectivity; however the move to secondary (i.e., isopropyl) substituents does result in a reduction in selectivity over MEK5 in both affinity and biochemical assays. These findings are reflected in the CaMK1D bound crystal structures of compounds **18** and **19** ([Figure [8](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}), which show the isopropyl groups in **19** occupying a low-energy conformation with the methyl groups out of the plane of the aryl ring, potentially avoiding unfavorable interactions with the protonated pyridine.

![*In vivo* pharmacokinetic profile of **19** in male CD-1 mice (25--40 g) and male Crl:CD Sprague--Dawley rats (250--400 g) dosed in 10% DMSO/90% hydroxypropyl-β-cyclodextrin (20% w/v), *n* = 3 per group. Free cell IC~50~ calculated by dividing measured cellular IC~50~ by free fraction in mouse plasma.](jm9b01803_0008){#fig8}

![Comparison of the CaMK1D bound structures of compounds **18** (6T29) and **19** (6T28). CaMK1D is shown as gray cartoon representation, the hinge region is highlighted in wheat, and the DFG motif is shown in green color. Important residues and inhibitors are shown in stick representation. For better visibility, the P-Loop has been made transparent. Hydrogen bonds are indicated as black dashed lines. The insets on the upper left of each figure show the electron density of the compounds as 2*F*~o~ -- *F*~c~ maps contoured at 1.5σ.](jm9b01803_0007){#fig7}

As expected from the high active site homology in the CaMK1 family, both **18** and **19** show limited selectivity between CaMK1A, CaMK1B, CaMK1D, and CaMK1G. More detailed secondary pharmacology screening with **18** and **19** reveals some evidence of hERG and CYP450 inhibition ([Table [5](#tbl5){ref-type="other"}](#tbl5){ref-type="other"}) with the compounds demonstrating ∼300-fold selectivity over hERG based on cellular IC~50~.

###### *In Vitro* Pharmacokinetic and Toxicology Profile of **18** and **19**

                                                                **18**                                     **19**
  ------------------------------------------------------------- ------------------------------------------ ----------------------------------------
  LogD                                                          2.3                                        2.6
  solubility (μM)                                               52                                         \>200
  mouse/rat/human MICs (μL·min^--1^·mg^--1^)                    15/\<1/13                                  6/3/7
  mouse/rat/human Heps (μL·min^--1^ per 10^6^ cells)            13/11/[b](#t5fn2){ref-type="table-fn"}     14/[b](#t5fn2){ref-type="table-fn"}/19
  mouse/rat/human PPB (% bound)                                 98.4/94/[b](#t5fn2){ref-type="table-fn"}   94/92/89
  CaCo2 *P*~app~ (A--B × 10^--6^ cm/s)/efflux ratio             1.1/13.4                                   0.4/7.9
  CYP450 2C9/2C19 IC~50~ (μM)[a](#t5fn1){ref-type="table-fn"}   6/1                                        6/10
  Ionworks hERG IC~50~ (μM)/ratio to cell IC~50~                7.1/284                                    3.7/336

CYP450 1A2, 2D6, and 3A45 IC~50~ \> 20 μM for all compounds.

Not determined.

Initial evaluation of the *in vivo* efficacy of these inhibitors was conducted in mice with diet-induced obesity (DIO mice), which demonstrate impaired glucose control mediated by reduced sensitivity to insulin. Compound **18** was selected for these studies due to its high kinome selectivity, with sampling revealing slightly higher exposure in DIO mice relative to earlier pharmacokinetic studies ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}) and no significant changes in exposure on repeat dosing for 14 days at 25 mg/kg. DIO mice treated with a single dose of 25 or 50 mg/kg **18** (in 1:9 DMSO/20% aqueous 2-hydroxypropyl-β-cyclodextrin) 4 h prior to an oral glucose tolerance test (OGTT) show improved glucose control and increased insulin sensitivity relative to vehicle controls ([Figure [9](#fig9){ref-type="fig"}](#fig9){ref-type="fig"}A), with no significant difference in effect between the 25 mg/kg and 50 mg/kg dose groups. Repeat administration of **18** twice daily for 14 days (in 1:9 DMSO/20% aqueous 2-hydroxypropyl-β-cyclodextrin on days 1--6, and 1% methyl cellulose on days 7--14) resulted in reduced baseline glucose and insulin levels, as well as reduced peak glucose levels following OGTT. While there was no effect on glucose AUCB2 in this experiment, the improvement in apparent insulin sensitivity was maintained, and the overall profile was similar to the positive control liraglutide, which demonstrated a similar profile to that expected based on previous data. Unfortunately repeat dosing of 50 mg/kg **18** was not tolerated due to bloating of the gastrointestinal tract (resulting in change of vehicle in the 25 mg/kg group at day 7); however this was not observed in subsequent tolerability studies with other compounds at significantly higher exposure/free cover. For example, **19** has been dosed at 40 mg/kg once daily (uid; in 50:45:5 PEG400/water/ethanol) for 21 days in NGS mice with no observable adverse effects, suggesting that the GI effects seen with **18** are unlikely to be target related.

![*In vivo* activity of compound **18** following oral glucose tolerance test (OGTT) in diet induced obesity mouse model (male C57Bl/6J mice) following (A) single dose 4 h prior to OGTT (*n* = 6 per group) and (B) 14 day repeat dosing (*n* = 8 per group). Significant differences (from vehicle), determined by multiple *t* test comparisons, are denoted by \**p* \< 0.05, \*\**p* \< 0.01, and \*\*\**p* \< 0.001.](jm9b01803_0009){#fig9}

Chemistry {#sec3}
=========

Compounds **1** and **2** are known compounds and were prepared using the previously reported synthesis.^[@ref16]^ Analogues **3**--**8** were prepared from ethyl 2,4-dichloropyrimidine-5-carboxylate **20** via the 2-HOBt pyrimidine intermediate **21**, which was prepared as previously described,^[@ref16]^ by displacement of the 2-HOBt by the appropriate Boc-protected amine and Boc removal under acidic conditions ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}).

![Synthetic Route to Compounds **3**--**8**\
Reagents and conditions: (i) *N*-Boc-diamine, THF/DMF, RT, 30 min; then DCM, 4 N HCl in dioxane, RT, 1 h, 81%.](jm9b01803_0010){#sch1}

To explore the aniline component, the tail was fixed to the (*S*)-3-aminopiperidine and a new synthetic strategy was sought to provide more rapid access to analogues with varied aniline substituents. The commercially available 2,4-dichloropyrimidine-5-carboxamide **22** allows formation of the final products in a typically 3-step process, by sequential displacement using the aniline followed by protected (*S*)-3-aminopiperidine and final acidic deprotection ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). The synthesis can be abbreviated by utilizing excess unprotected (*S*)-3-aminopiperidine directly in the second stage, with the increased nucleophilicity of the cyclic secondary amine resulting in \<1% formation of the product resulting from reaction at the primary amine. In general, this approach complicates the purification of the final compounds and as such has not been extensively used but may be useful when introducing acid-sensitive anilines.

![General Synthetic Route to Compounds **9**--**19**\
Reagents and conditions: (i) aniline, iPr~2~NEt, MeCN or dioxane, reflux, 16 h; (ii) (*S*)-*tert*-butyl piperidin-3-ylcarbamate, DIPEA, solvent, RT, 2--16 h; (iii) TFA/DCM or 4 N HCl in dioxane, RT, 1 h, 10--73% over 3 steps.](jm9b01803_0011){#sch2}

The route outlined in [Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"} provided ready access to compounds **9**--**14** by utilizing commercially available anilines in stage 1. Subsequent synthetic effort focused on preparation of anilines designed to develop the emerging SAR in this series. The symmetrical anilines **27** and **28** were initially synthesized by Suzuki reaction on dibromo precursors **23** and **24**; however it was later found that use of the nitro derivatives **25** and **26** results in a slightly cleaner reaction and easier purification, without adding extra steps as the nitro group and carbon--carbon double bonds are reduced in a single stage by heterogeneous hydrogenation ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}).

![Synthesis of Di-alkyl (Hetero)anilines **27** and **28**, Used in Compounds **15** and **19**\
Reagents and conditions: (i) (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)isoprene, NaHCO~3~, Pd(dppf)Cl~2~ or Pd(PPh~3~)~4~, 1,4-dioxane, water, 90 °C, 4--16 h, 54--83%; (ii) H~2~, Pd/C, MeOH, RT, 2--16 h, 75--98%.](jm9b01803_0012){#sch3}

In order to prepare the mixed ^*t*^Bu/methylsulfone aniline **34**, the commercially available nitro compound **29** was treated with chlorosulfonic acid in chloroform at reflux to afford the sulfonyl chloride **30**, which was reduced to the thiol **31** with triphenyl phosphine in refluxing toluene. Alkylation of **31** with methyl iodide provided the methyl sulfide **32**, which was oxidized with *m*-CPBA to the corresponding sulfone **33**, before nitro group reduction by heterogeneous hydrogenation to provide aniline **34** ([Scheme [4](#sch4){ref-type="scheme"}](#sch4){ref-type="scheme"}).

![Synthesis of Aniline **34**, Used in Compound **16**\
Reagents and conditions: (i) chlorosulfonic acid, CHCl~3~, reflux, 48 h, 85%; (ii) P(Ph)~3~, toluene, RT, 10 min, 72%; (iii) NaOH, MeI, EtOH, RT, 16 h, 98%; (iv) *m*-CPBA, DCM, 0 °C to RT, 2 h, 73%; (v) H~2~ (5 atm), Pd/C, MeOH, 16 h, 76%.](jm9b01803_0013){#sch4}

The cyanoisopropyl anilines used in compounds **17** and **18** were prepared from 3,5-dibromoaniline **27** by bis-benzylation to give **35** followed by treatment with potassium 2-cyano-2-methylpropanoate and palladium catalyst^[@ref21]^ to afford a separable mixture of the symmetrical aniline **36** and partially reacted bromo derivative **37**. Compound **37** was submitted to a second Suzuki coupling to afford intermediate **38**. Debenzylation of **36** and **39** by heterogeneous hydrogenation provided the anilines **38** and **40** ([Scheme [5](#sch6){ref-type="scheme"}](#sch6){ref-type="scheme"}).

![Synthesis of 2-Cyanoisopropyl Substituted Anilines Used in Compounds **17** and **18**\
Reagents and conditions: (i) Benzyl bromide, K~2~CO~3~, MeCN, reflux, 24 h, 73%; (ii) potassium 2-cyano-2-methylpropanoate, mesitylene, Xantphos, Pd~2~(allyl)~2~Cl~2~, 140 °C, 24 h, **36**= 53%, **37**= 20%; (iii) 4,4,5,5-tetramethyl-2-phenyl-1,3,2-dioxaborolane, Pd(PPh~3~)~2~Cl~2~, K~2~CO~3~, dioxane:water, 100 °C, 1 h, 74%; (iv) H~2~, Pd/C, MeOH:DCM, 18 h, 88--98%.](jm9b01803_0014){#sch6}

Experimental Section {#sec4}
====================

*T*~m~ Shift Assays {#sec4.1}
-------------------

Thermal melting experiments were carried out using a Stratagene Mx3005p Real Time PCR machine (Agilent Technologies). Proteins were buffered in 10 mM HEPES, pH 7.5, 500 mM NaCl and assayed in a 96-well plate at a final concentration of 2 μM in a 20 μL volume. Compounds were added at a final concentration of 10 μM (final DMSO concentration was 0.025%). SYPRO Orange (Molecular Probes) was added as a fluorescence probe at a dilution of 1:1000 (v/v). Excitation and emission filters for the SYPRO-Orange dye were set to 465 and 590 nm, respectively. The temperature was raised with a step of 3 °C per minute from 25 to 96 °C, and fluorescence readings were taken at each interval. Experiments were performed in triplicate, and the observed temperature shifts, Δ*T*~m~^obs^, were recorded as the difference between the transition midpoints of sample and reference wells containing protein without ligand in the same plate and determined by nonlinear least-squares fit, reported in °C as the mean of the values obtained from 3 independent repeats.

CaMK1D ADP GLO Assay {#sec4.2}
--------------------

Test compounds were prepared in 100% DMSO, and 12 nL was dispensed to individual wells of a multiwell plate (PerkinElmer, catalog no. 6007290). A reaction mixture containing full length His tagged CaMK1D (Fisher Scientific, PR6770A), calmodulin (Merck, 208694), and autocamtide-2 (SignalChem, A15-58) was prepared in assay buffer composed of 50 mM Tris-HCl, pH 7.5, 10 mM MgCl~2~, 0.1 CaCl~2~ and 2 mM DTT. A 7.88 μL portion of reaction mixture was added to each well to give final assay concentrations: 3 nM CaMK1D, 1 μM calmodulin, and 125 μM autocamtide-2. Plates were centrifuged at 300 rpm for 30 s and incubated for 15 min at 25 °C. The enzyme reaction was initiated by the addition of 4 μL of 30 μM ATP solution to give a final assay concentration of 10 μM. Plates were centrifuged at 300 rpm for 30 s and then incubated at 25 °C for 2 h. ADP-Glo (Promega, catalog no. V9102) was prepared according to manufacturer's instructions and equilibrated to room temperature, shielded from light. Addition of 12 μL of ADP-Glo reagent was made to terminate the kinase reaction and deplete residual ATP. Plates were centrifuged at 300 rpm for 30 s and then incubated at 25 °C for 1 h. Following ATP depletion, 24 μL of ADP-Glo substrate was added to convert ADP to ATP and initiate a luciferase/luciferin chemiluminescent reaction. Plates were centrifuged at 300 rpm for 30 s and then incubated at 25 °C for 30 min, shielded from light. After 30 min, plates were read with the EnVision Multilabel Plate Reader, using Luminescence 700. Compound IC~50~ was determined using a 4-parameter equation and reported as the geometric mean of the IC~50~ values obtained from 3 independent repeats.

pCaMK1D Cell Assay {#sec4.3}
------------------

MDA-MB-231 cells were purchased from the ATCC and routinely cultured in DMEM containing 10% FCS and 5 U/mL penicillin/streptomycin (Gibco). MDA-MB-231-HA-CaMK1D cells were established by infecting MDA-MB-231 cells with modified pLVx-HA-CaMK1D lentivirus. Transduced cells were selected in media containing puromycin (2 μg/mL), and expression of CamK1D was verified by Western blotting using rabbit anti-CamK1D mAb (\[EPR3536(2)\] (ab172618), used at 0.1 mg/mL). Custom made anti-pCamK1D (Ser179, Thr180) polyclonal antibodies were prepared by LifeTein (Hillsborough, NJ, USA), immunizing MEGKGDVM(pS)(pT)ACGTPGYVA peptide, and verified in a series of Western blotting experiments. MDA-MB-231-HA-CaMK1D cells were cultured in DMEM Glutmax (31966-021, ThermoFisher) containing 10% fetal bovine serum (FBS) and 1% penicillin--streptomycin. For the assay, cells were seeded at 1.25 × 10^5^ cells/mL in 6-well plates and maintained at 37 °C in a humidified incubator with 5% CO~2~ and 95% air for 48 h. Then, cells were treated with compound for 4 h with a final DMSO concentration of 0.1%; for each compound, an 11-point serial dilution was used and DMSO was included as a control. Media was aspirated, and the cells were washed with PBS. Cells were lysed, supernatants were recovered by centrifugation at 13 000 rpm, protein concentrations were measured, and equal amounts of total protein were separated by SDS-PAGE. Proteins were transferred to PVDF membranes (Bio-Rad), which was followed by blocking for 1 h in 5% milk in TBS-T. Membranes were incubated overnight at 4 °C with primary antibody: anti-pCamK1D (Ser179, Thr180) (1:1000) or total CaMK1D (1:10000, ab172618, Abcam). Membranes were incubated with the corresponding HRP-conjugated secondary antibody (7074S, CST) for 1 h. Specific bands were detected using the enhanced-chemiluminescence reagent (Clarity Western substrate, Bio-Rad) and the ChemiDoc MP Gel Imaging System (Bio-Rad), and % change in pCAMK1D from control was calculated using a ratio of pCaMK1D to total CaMK1D bands. Compound IC~50~ was determined using a 4-parameter equation and reported as the geometric mean of the IC~50~ values obtained from 3 independent repeats.

Oral Glucose Tolerance Test after Acute and Chronic, Subacute (14 Day) Dosing {#sec4.4}
-----------------------------------------------------------------------------

Male C57Bl/6J mice obtained from Charles River UK (Margate, Kent, UK) at 7--8 weeks of age were group housed for 16 weeks (*n* = 3 in each cage) on a normal light/dark cycle (lights on 07:00--19:00 h) with *ad libitum* access to a high fat diet (D12451 diet, 45% kcal as fat, 35% as carbohydrate; Research Diets, New Jersey, USA) and filtered water.

### Acute Dosing Study {#sec4.2.1}

Animals were allocated to dosing groups (6 mice per group) such that groups were balanced as closely as possible for mean body weight. The day prior to the OGTT, all animals were deprived of food (but not water) beginning approximately 16:45. The following morning, the mice were dosed with vehicle or either 10 mg/kg, 25 mg/kg, or 50 mg/kg **18** formulated in a vehicle of DMSO (10% final volume) and 20% (2-hydroxypropyl)-β-cyclodextrin (90% final volume) by the oral route (beginning at 08:45). Four hours after dosing, a blood sample was taken (B1), and 3 min later glucose was administered (2 g/kg orally). Further blood samples were taken 10, 30, 60, and 90 min after glucose administration. Between blood sampling, animals were returned to the home cage with free access to water (but not food). Blood samples (approximately 30 μL) were collected into lithium heparinized tubes (Sarstedt Microvette CB300LH), and plasma was separated by centrifugation to produce a single aliquot of plasma, which was frozen (approximately −80 °C) and subsequently assayed for glucose (in duplicate; Thermoelectron Infinity glucose reagent TR15498) and insulin (single replicate; Alpco mouse ultrasensitive insulin kit 80, INSMSU-E10).

### Chronic Dosing Study {#sec4.2.2}

Upon completion of the OGTT, all animals were singly housed with food provided as above for 2 weeks prior to the onset of the baseline phase of the chronic study. Upon single housing after the OGTT, mice were placed on a reverse-phase light--dark cycle (lights off 09:30--17:30). Following this period, the animals underwent a 5-day baseline phase where they were dosed twice daily with vehicle at approximately 08:45 and 16:45 each day. Toward the end of the baseline phase mice were reallocated to dosing groups (8 animals per group) such that groups within the study were balanced as closely as possible for body weight, food and water intake, and previous treatment. From day 1 onward, mice were dosed orally twice daily with 25 mg/kg **18** formulated in a vehicle of DMSO (10% final volume) and 20% (2-hydroxypropyl)-β-cyclodextrin (90% final volume) on days 1--6 and 1% methyl cellulose at 5 mL/kg on subsequent days or twice daily orally with vehicle alone or subcutaneously with 0.1 mg/kg liraglutide (Bachem) formulated in pH 7.4 phosphate buffer solution. Oral dosing began at approximately 08:45 and 16:45, with subcutaneous dosing at 08:45 only. Dosing continued until the morning of day 14, when food was removed beginning at approximately 16:45. Approximately 16 h postfast, the animals were moved to a separate room maintained under normal lighting and dosed with vehicle or test compounds in the normal manner to a timed schedule 4 h prior to the administration of the glucose challenge (2.0 g/kg po). Blood samples were taken immediately prior to dosing (B1), immediately prior to glucose administration (B2), and 15, 30, 60, and 90 min after glucose administration. All blood samples (approximately 30 μL) were taken in lithium heparin-coated tubes (Sarstedt CB300LH) and spun as soon as possible in a centrifuge. Plasma samples were stored frozen (approximately −80 °C) until determination of plasma glucose (in duplicate; Thermoelectron Infinity glucose reagent TR15498) and insulin (single replicate; Alpco mouse ultrasensitive insulin kit 80, INSMSU-E10). Plasma glucose and insulin data from the OGTTs were analyzed by robust regression with treatment as a factor and bleeding order and day 1 body weight as covariates. AUC for 0 to 60 (following single dose) and 0 to 90 min (following repeat dose) was calculated (as total AUC and AUC from baseline) by trapezoidal rule and analyzed by the same methodology. In all cases, this analysis was followed by multiple *t* test comparisons to determine significant differences in both absolute levels and AUC from the vehicle group.

General Chemistry Experimental Methods {#sec4.5}
--------------------------------------

Commercially available and enantiomerically pure *tert*-butyl (*S*)-piperidin-3-ylcarbamate and *tert*-butyl (*R*)-piperidin-3-ylcarbamate were purchased from Carbosynth Ltd. (e.g., FB11271) and used as provided. All other commercially available starting materials, reagents, and solvents were purchased and used without further purification. The reactions were monitored by thin-layer chromatography (60 on aluminum sheets with F254) or by LCMS. LC data was obtained using a Waters ACQUITY UPLC PDA detector scanning between 210 and 400 nm. Mass spectrometry data was acquired using a Waters ACQUITY QDa detector scanning in the positive (ES^+^) and negative (ES^--^) modes between *m*/*z* 100 and 1000. Separation of components was achieved using a Waters ACQUITY UPLC BEH C18 1.7 μm, 2.1 mm × 50 mm column coupled to a Waters ACQUTY UPLC BEH C18 1.7 μm VanGuard precolumn, 2.1 mm × 5 mm. Columns were maintained at 40 °C throughout acquisition. Data was processed using MassLynx V4.1. Values of purity were obtained through analysis of the peak areas in the LC trace between 0.40 and 3.50 min. Purity and identity of all tested compounds were established by a combination of mass spectrometry, HRMS, and NMR spectra as described below. Purification of isolated products was carried out by column chromatography in silica gel (particle size 40--63 μm, Merk) or medium pressure liquid chromatography (MPLC) on a CombiFlash Companion (Teledyne ISCO) with AquaGold prepacked reverse-phase C18 columns. Nuclear magnetic resonance (NMR) spectra were obtained on a Bruker Advance 400 or 500 MHz spectrometer. Chemical shifts (δ) are reported in ppm using the residual signal of the deuterated solvent (MeOD-*d*~4~, CDCl~3~, DMSO-*d*~6~) as internal standard, and coupling constants (*J*) are reported in Hertz (Hz). The multiplicities are abbreviated as follows: s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, sext = sextet, sept = septet, m = multiplet, br = broad signal. High-resolution mass spectra were obtained on a Thermo Finigan MAT95XP, magnetic sector mass spectrometer, electron ionization. HPLC method 1: Performed on a Shimadzu UFLCXR system coupled to an Applied Biosystems API2000; column maintained at 40 °C; column, Phenomenex Gemini-NX 3 μm, 110 Å C18, 50 mm × 2 mm; total flow rate 0.5 mL/min; UV detection at 220 nm (channel 2) and 254 nm (channel 1); gradient, pre-equilibration run for one min at 5% B, then method run 5--98% solvent B in 2 min, 98% B for 2 min, 98--5% B in 0.5 min then 5% for 1 min; acid method solvent A = 0.1% formic acid in water and solvent B = 0.1% formic acid in MeCN. HPLC method 2: Performed on an Agilent HPLC; column, Waters X-Select C18 2.5 μm, 4.6 mm × 30 mm, using standard acidic (0.1% formic acid) 4 min method, 5--95% MeCN/water, UV detection at 254 nm. HPLC method 3: Performed on a Waters ACQUITY UPLC with PDA detector scanning between 210 and 400 nm. Mass spectral data was obtained using a Waters ACQUITY QDa detector scanning in the positive (ES^+^) and negative (ES^--^) modes between *m*/*z* 100--650. Samples were passed through a Waters ACQUITY UPLC BEH C18 1.7 μm, 2.1 mm × 50 mm column coupled to a Waters ACQUITY UPLC BEH C18 VanGuard precolumn 2.1 mm × 5 mm. Gradient: Pre-equilibration run for 30 s at 5% B; then method run 5--95% solvent B in 2 min, 95% B for 30 s, 95--5% B in 6 s, then 5% B for 54 s. The column was maintained at 40 °C. Acid method: solvent A = 0.1% formic acid in water; solvent B = MeCN. Base method: solvent A = 0.1% ammonium hydroxide in water; solvent B = MeCN. HPLC method 4: Performed on an Agilent HPLC; column Waters X-Bridge C18 2.5 μm, 4.6 mm × 30 mm, using standard basic (0.1% ammonium bicarbonate) 4 min method, 5--95% MeCN/water, UV detection at 254 nm. Compound purity was assessed by HPLC method 1 using both Phenomenex Gemini-NX 3 μm, 110 Å C18, 50 mm × 2 mm and Phenomenex Luna-NX 3 μm, 110 Å PFP, 50 mm × 2 mm columns, with UV detection at 254 nm. All compounds demonstrate purity \>95% by both methods, with the exception of **5**, which demonstrates 92.5% purity on the Gemini C-18 column and 96.4% purity on the Luna PFP column.

2-((2-Aminoethyl)amino)-4-((3-(trifluoromethyl)phenyl)amino)pyrimidine-5-carboxamide hydrochloride (**1**) {#sec4.6}
----------------------------------------------------------------------------------------------------------

Compound prepared following a reported method.^[@ref16]1^H NMR (400 MHz, DMSO-*d*~6~) δ 12.34 (s, 1H), 8.91 (s, 1H), 8.61 (br s, 2H), 8.32 (br s, 3H), 8.13 (s, 1H), 7.90 (d, *J* = 8.1 Hz, 1H), 7.70 (app. t, *J* = 8.1 Hz, 1H), 7.55 (d, *J* = 8.1 Hz, 1H), 3.64 (app. q, *J* = 5.6 Hz, 2H), 3.01 (app. q, *J* = 5.6 Hz, 2H); LC-MS *m*/*z* (ES^+^) (M + H)^+^ 341.2; *t*~R~ = 1.98 min. HPLC method 1. HRMS (ES-TOF): *m*/*z* calcd for C~14~H~16~F~3~N~6~O 341.1332, found 341.1346 \[M + H\]^+^.

2-((2-Aminoethyl)amino)-*N*-methyl-4-((3-(trifluoromethyl)phenyl)amino)pyrimidine-5-carboxamide (*2*) {#sec4.7}
-----------------------------------------------------------------------------------------------------

Compound prepared following a reported method.^[@ref16]1^H NMR (DMSO-*d*~6~) δ 12.21 (s, 1H), 9.30 (d, *J* = 3.9 Hz, 1H), 8.88 (s, 1H), 8.66 (app. t, *J* = 5.2 Hz, 1H), 8.26 (br s, 3H), 8.14 (s, 1H), 7.91 (d, *J* = 7.9 Hz, 1H), 7.70 (app. t, *J* = 7.9 Hz, 1H), 7.56 (d, *J* = 7.8 Hz, 1H), 3.64 (app. q, *J* = 4.8 Hz, 2H), 3.02 (app. q, *J* = 4.8 Hz, 2H), 2.78 (d, *J* = 4.4 Hz, 3H); LC-MS *m*/*z* (ES^+^) (M + H)^+^ 355.2; *t*~R~= 1.99 min. HPLC method 1. HRMS (ES-TOF): *m*/*z* calcd for C~15~H~17~F~3~N~6~ONa 377.1308, found 377.1301 \[M + Na\]^+^.

2-((2-Aminoethyl)(methyl)amino)-4-((3-(trifluoromethyl)phenyl)amino)pyrimidine-5-carboxamide Hydrochloride (**3**) {#sec4.8}
------------------------------------------------------------------------------------------------------------------

To a suspension of 2-((1*H*-benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)-4-((3-(trifluoromethyl)phenyl)amino)pyrimidine-5-carboxamide **21** (0.11 g, 0.25 mmol), prepared following a reported method,^[@ref16]^ in THF (2 mL) and DMF (1 mL) was added *N*-boc-2-methylamino-ethylamine (50 mg, 0.28 mmol), and the mixture was stirred for 30 min at room temperature. The mixture was diluted with water and extracted with AcOEt. The organic layer was dried over anhydrous Na~2~SO~4~ and concentrated under reduced pressure. *m***/***z* (ES^+^) (M + H)^+^ 455.0; *t*~R~= 2.74 min. HPLC method 1. The crude was dissolved in CH~2~Cl~2~ (2 mL), and 4 N HCl in dioxane (5 mL) was added. The suspension was stirred at RT for 1 h (completion monitored by HPLC). The suspension was concentrated, and Et~2~O was added to induce precipitation. The resulting white solid was centrifuged, washed again with Et~2~O, and dried under vacuum affording the titled compound (50 mg, 81%). ^1^H NMR (400 MHz, MeOD-*d*~*4*~) δ 8.61 (s, 1H), 8.09 (br s, 1H), 7.78 (d, *J* = 7.6 Hz, 1H), 7.66 (app. t, *J* = 7.8 Hz, 1H), 7.57 (d, *J* = 7.6 Hz, 1H), 3.99 (t, *J* = 5.7 Hz, 2H), 3.36 (s, 3H), 3.26 (br s, 2H); LC-MS *m*/*z* (ES^+^) (M + H)^+^ 355.2; *t*~R~ = 2.09 min. HPLC method 1. HRMS (ES-TOF): *m*/*z* calcd for C~15~H~18~F~3~N~6~O 355.1489, found 355.1503 \[M + H\]^+^.

2-(Methyl(2-(methylamino)ethyl)amino)-4-((3-(trifluoromethyl)phenyl)amino)pyrimidine-5-carboxamide Hydrochloride (**4**) {#sec4.9}
------------------------------------------------------------------------------------------------------------------------

Prepared in analogous manner to **3** using *N*-boc-2,4-dimethylamino-ethylamine. ^1^H NMR (400 MHz, MeOD-*d*~4~) δ 8.62 (s, 1H), 8.06 (br s, 1H), 7.82 (d, *J* = 7.8 Hz, 1H), 7.69 (app. t, *J* = 7.8 Hz, 1H), 7.60 (br d, *J* = 7.1 Hz, 1H), 4.05 (t, *J* = 5.6 Hz, 2H), 3.38 (s, 3H), 3.32 (br s, 2H), 2.59 (br s, 3H); LC-MS *m*/*z* (ES^+^) (M + H)^+^ 369.2; *t*~R~ = 2.12 min. HPLC method 1. HRMS (ES-TOF): *m*/*z* calcd for C~16~H~20~F~3~N~6~O 369.1645, found 369.1659 \[M + H\]^+^.

2-((2-(Dimethylamino)ethyl)(methyl)amino)-4-((3-(trifluoromethyl)phenyl)amino)pyrimidine-5-carboxamide Hydrochloride (**5**) {#sec4.10}
----------------------------------------------------------------------------------------------------------------------------

Prepared in analogous manner to **3** with *N*-boc-2,4,4-trimethylamino-ethylamine. ^1^H NMR (400 MHz, MeOD-*d*~4~) δ 8.61 (s, 1H), 7.96 (br s, 1H), 7.82 (d, *J* = 7.1 Hz, 1H), 7.70 (app. t, *J* = 7.4 Hz, 1H), 7.63 (br s, 1H), 4.09 (app. t, *J* = 5.4 Hz, 2H), 3.42 (br s, 2H), 3.33 (s, 3H), 2.68 (br s, 6H); LC-MS *m*/*z* (ES^+^) (M + H)^+^ 383.2; *t*~R~ = 2.12 min. HPLC method 1. HRMS (ES-TOF): *m*/*z* calcd for C~17~H~22~F~3~N~6~O 383.1802, found 383.1824 \[M + H\]^+^.

(*rac*)-2-(3-Aminopiperidin-1-yl)-4-((3-(trifluoromethyl)phenyl)amino)pyrimidine-5-carboxamide Hydrochloride (**6**) {#sec4.11}
--------------------------------------------------------------------------------------------------------------------

Prepared in analogous manner to **3** using (±)*tert*-butyl-piperidin-3-ylcarbamate. ^1^H NMR (400 MHz, MeOD-*d*~4~) δ 8.60 (s, 1H), 8.10 (br s, 1H), 7.81 (br d, *J* = 7.1 Hz, 1H), 7.67 (t, *J* = 7.8 Hz, 1H), 7.56 (d, *J* = 7.8 Hz, 1H), 4.35 (dd, *J* = 13.5, 3.7 Hz, 1H), 4.06 (br s, 1H), 3.73 (dd, *J* = 13.5, 8.4 Hz, 1H), 3.64--3.57 (m, 1H), 3.54--3.48 (m, 1H), 2.24--2.16 (m, 1H), 2.02--1.94 (m, 1H), 1.88--1.75 (m, 2H); LC-MS *m*/*z* (ES^+^) (M + H)^+^ 381.4; *t*~R~ = 2.14 min. HPLC method 1. HRMS (ES-TOF): *m*/*z* calcd for C~17~H~20~F~3~N~6~O 381.1645, found 381.1662 \[M + H\]^+^.

(*R*)-2-(3-Aminopiperidin-1-yl)-4-((3-(trifluoromethyl)phenyl)amino)pyrimidine-5-carboxamide Hydrochloride (**7**) {#sec4.12}
------------------------------------------------------------------------------------------------------------------

Prepared in analogous manner to **3** using *tert*-butyl (*R*)-piperidin-3-ylcarbamate. ^1^H NMR (400 MHz, MeOD-*d*~4~) δ 8.60 (s, 1H), 8.10 (br s, 1H), 7.81 (br d, *J* = 7.1 Hz, 1H), 7.67 (t, *J* = 7.8 Hz, 1H), 7.56 (d, *J* = 7.8 Hz, 1H), 4.35 (dd, *J* = 13.5, 3.7 Hz, 1H), 4.06 (br s, 1H), 3.73 (dd, *J* = 13.5, 8.4 Hz, 1H), 3.64--3.57 (m, 1H), 3.54--3.48 (m, 1H), 2.24--2.16 (m, 1H), 2.02--1.94 (m, 1H), 1.88--1.75 (m, 2H); LC-MS *m*/*z* (ES^+^) (M + H)^+^ 381.4; *t*~R~ = 2.14 min. HPLC method 1. HRMS (ES-TOF): *m*/*z* calcd for C~17~H~20~F~3~N~6~O 381.1645, found 381.1655 \[M + H\]^+^.

(*S*)-2-(3-Aminopiperidin-1-yl)-4-((3-(trifluoromethyl)phenyl)amino)pyrimidine-5-carboxamide Hydrochloride (**8**) {#sec4.13}
------------------------------------------------------------------------------------------------------------------

Prepared in analogous manner to **3** using *tert*-butyl (*S*)-piperidin-3-ylcarbamate. ^1^H NMR (400 MHz, MeOD-*d*~4~) δ 8.60 (s, 1H), 8.10 (br s, 1H), 7.81 (br d, *J* = 7.1 Hz, 1H), 7.67 (t, *J* = 7.8 Hz, 1H), 7.56 (d, *J* = 7.8 Hz, 1H), 4.35 (dd, *J* = 13.5, 3.7 Hz, 1H), 4.06 (br s, 1H), 3.73 (dd, *J* = 13.5, 8.4 Hz, 1H), 3.64--3.57 (m, 1H), 3.54--3.48 (m, 1H), 2.24--2.16 (m, 1H), 2.02--1.94 (m, 1H), 1.88--1.75 (m, 2H); LC-MS *m*/*z* (ES^+^) (M + H)^+^ 381.0; *t*~R~ = 2.15 min. HPLC method 1. HRMS (ES-TOF): *m*/*z* calcd for C~17~H~20~F~3~N~6~O 381.1645, found 381.1655 \[M + H\]^+^.

(*S*)-2-(3-Aminopiperidin-1-yl)-4-((4-(trifluoromethyl)phenyl)amino)pyrimidine-5-carboxamide Hydrochloride (**9**) {#sec4.14}
------------------------------------------------------------------------------------------------------------------

3,5-Bis(trifluoromethyl)aniline (85 mg, 0.37 mmol) was added to a solution of 2,4-dichloropyrimidine-5-carboxamide **22** (75 mg, 0.39 mmol) and DIPEA (0.17 mL, 0.98 mmol) in dioxane (5 mL) and stirred at 80 °C for 16 h. The reaction was concentrated under reduced pressure (38 mg, 20%). LC-MS *m*/*z* (ES^+^) (M + H)^+^ 385.0; *t*~R~ = 2.44 min. HPLC method 2.

(*S*)-*tert*-Butyl piperidin-3-ylcarbamate (62 mg, 0.23 mmol) was added to a solution of 4-((3,5-bis(trifluoromethyl)phenyl)amino)-2-chloropyrimidine-5-carboxamide (38 mg, 0.10 mmol) and TEA (69 μL, 0.49 mmol) in dioxane (10 mL). The reaction was stirred at RT for 16 h. The mixture was diluted with Et~2~O (10 mL), filtered, and washed with CH~2~Cl~2~/MeOH/Et~2~O (9:1:9 mL). No further purification was required (20 mg, 19% yield). LC-MS *m*/*z* (ES^+^) (M + H)^+^ 549.0; *t*~R~ = 2.75 min. HPLC method 2.

(*S*)-*tert*-Butyl (1-(4-((3,5-bis(trifluoromethyl)phenyl)amino)-5-carbamoylpyrimidin-2-yl)piperidin-3-yl)carbamate (20 mg, 0.04 mmol) was treated with TFA (0.10 mL, 1.08 mmol) in CH~2~Cl~2~ (1 mL). The reactions were stirred for 2 h and concentrated under reduced pressure. The residues were diluted in MeOH (0.20 mL) and loaded onto a SCX cartridge, washing with MeOH (3 column volumes) and eluting with 1% NH~3~ MeOH (3 column volumes). The ammonical MeOH was removed under reduced pressure to give the product (12 mg, 16% yield over 3 steps). ^1^H NMR (400 MHz, MeOD-*d*~4~) δ 8.63 (s, 1H), 8.41--8.31 (m, 2H), 7.60 (s, 1H), 4.67--4.60 (m, 1H), 4.50--4.43 (m, 1H), 3.24--3.18 (m, 1H), 3.03 (dd, *J* = 12.7, 9.4 Hz, 1H), 2.90--2.84 (m, 1H), 2.12--2.04 (m, 1H), 1.91--1.83 (m, 1H), 1.68--1.43 (m, 2H). LC-MS *m*/*z* (ES^+^) (M + H)^+^ 449.0; *t*~R~ = 1.59 min. HPLC method 2. HRMS (ES-TOF): *m*/*z* calcd for C~18~H~19~F~6~N~6~O 449.1519, found 449.1538 \[M + H\]^+^.

(*S*)-2-(3-Aminopiperidin-1-yl)-4-((3-(*tert*-butyl)phenyl)amino)pyrimidine-5-carboxamide Hydrochloride (**10**) {#sec4.15}
----------------------------------------------------------------------------------------------------------------

Prepared in analogous manner to **9** using 3-*tert*-butyl-aniline. Compound isolated as HCl salt. ^1^H NMR (400 MHz, MeOD-*d*~4~) δ 8.54 (s, 1H), 7.72 (s, 1H), 7.41 (d, *J* = 7.8 Hz, 1H), 7.28 (t, *J* = 7.9 Hz, 1H), 7.14 (dd, *J* = 7.8, 2.0 Hz, 1H), 4.62 (dd, *J* = 12.6, 3.9 Hz, 1H), 4.53 (d, *J* = 13.2 Hz, 1H), 3.18--3.12 (m, 1H), 2.96 (dd, *J* = 12.7, 9.4 Hz, 1H), 2.85--2.78 (m, 1H), 2.07--1.99 (m, 1H), 1.84--1.77 (m, 1H), 1.63--1.39 (m, 2H), 1.36 (s, 9H); LC-MS *m*/*z* (ES^+^) (M + H)^+^369; *t*~R~ = 2.01 min. HPLC method 2. HRMS (ES-TOF): *m*/*z* calcd for C~20~H~29~N~6~O 369.2397, found 369.2412 \[M + H\]^+^.

(*S*)-2-(3-Aminopiperidin-1-yl)-4-((3-(methylsulfonyl)phenyl)amino)pyrimidine-5-carboxamide (**11**) {#sec4.16}
----------------------------------------------------------------------------------------------------

Prepared in analogous manner to **9** using 3-methylsulfonyl-aniline. ^1^H NMR (400 MHz, MeOD-*d*~4~) δ 9.08 (s, 1H), 8.61 (s, 1H), 7.67--7.55 (m, 2H), 7.49 (s, 1H), 4.78 (s, 1H), 4.62 (s, 1H), 3.16--3.10 (m, 4H), 2.99--2.92 (m, 2H), 2.09 (br s, 1H), 1.89--1.86 (m, 1H), 1.65--1.59 (m, 1H), 1.53--1.44 (m, 1H); LC-MS *m*/*z* (ES^+^) (M + H)^+^ 391; *t*~R~ = 1.30 min. HPLC method 2. HRMS (ES-TOF): *m*/*z* calcd for C~17~H~23~N~6~O~3~S 391.1547, found 391.1554 \[M + H\]^+^.

(*S*)-4-(\[1,1′-Biphenyl\]-3-ylamino)-2-(3-aminopiperidin-1-yl)pyrimidine-5-carboxamide Hydrochloride (**12**) {#sec4.17}
--------------------------------------------------------------------------------------------------------------

Prepared in analogous manner to **9** using 3-amino-1,1′-biphenyl. Compound isolated as HCl salt. ^1^H NMR (400 MHz, MeOD-*d*~4~) δ 8.55 (s, 1H), 7.83 (br s, 1H), 7.64--7.61 (m, 3H), 7.56--7.51 (m, 2H), 7.46 (t, *J* = 7.6 Hz, 2H), 7.39--7.35 (m, 1H), 4.34 (dd, *J* = 13.8, 3.5 Hz, 1H), 4.04 (br s, 1H), 3.78--3.70 (m, 1H), 3.63--3.54 (m, 1H), 3.54--3.47 (m, 2H), 2.23--2.16 (m, 1H), 1.99--1.89 (m, 1H), 1.89--1.73 (m, 2H; LC-MS *m*/*z* (ES^+^) (M + H)^+^ 389.1; *t*~R~ = 2.25 min. HPLC method 1. HRMS (ES-TOF): *m*/*z* calcd for C~22~H~25~N~6~O 389.2084, found 389.2101 \[M + H\]^+^.

(*S*)-2-(3-Aminopiperidin-1-yl)-4-((3-(2-cyanopropan-2-yl)phenyl)amino)pyrimidine-5-carboxamide (**13**) {#sec4.18}
--------------------------------------------------------------------------------------------------------

Prepared in analogous manner to **9** using 2-(3-aminophenyl)-2-methylpropanenitrile. ^1^H NMR (400 MHz, MeOD-*d*~4~) 8.56 (s, 1H), 8.08 (app. t, *J* = 2.0 Hz, 1H), 7.47--7.36 (m, 2H), 7.21 (ddd, *J* = 7.4, 2.0, 1.3 Hz, 1H), 4.67--4.60 (m, 1H), 4.54 (d, *J* = 13.2 Hz, 1H), 3.19--3.09 (m, 1H), 2.96 (dd, *J* = 12.7, 9.4 Hz, 1H), 2.81--2.79 (m, 1H), 2.03 (br s, 1H), 1.84 (br s, 1H), 1.77 (s, 6H), 1.64--1.52 (m, 1H), 1.49--1.36 (m, 1H); LC-MS *m*/*z* (ES^+^) (M + H)^+^ 380.0; *t*~R~ = 1.66 min. HPLC method 2. HRMS (ES-TOF): *m*/*z* calcd for C~20~H~25~N~7~ONa 402.2013, found 402.2016 \[M + Na\]^+^.

(*S*)-2-(3-Aminopiperidin-1-yl)-4-((3,5-di-*tert*-butylphenyl)amino)pyrimidine-5-carboxamide (**14**) {#sec4.19}
-----------------------------------------------------------------------------------------------------

Prepared in analogous manner to **9** using 3,5-di-*tert*-butyl-aniline. ^1^H NMR (400 MHz, MeOD-*d*~4~) δ 8.53 (s, 1H), 7.43 (d, *J* = 1.7 Hz, 2H), 7.38 (t, *J* = 1.7 Hz, 1H), 4.27 (dd, *J* = 13.6, 3.5 Hz, 1H), 4.11 (br s, 1H), 3.85--3.74 (m, 1H), 3.69--3.60 (m, 1H), 3.54--3.46 (m, 1H), 2.23--2.14 (m, 1H), 1.98--1.89 (m, 1H), 1.89--1.73 (m, 2H), 1.35 (s, 18H); LC-MS *m*/*z* (ES^+^) (M + H)^+^425.2; *t*~R~ = 2.43 min. HPLC method 1. HRMS (ES-TOF): *m*/*z* calcd for C~24~H~37~N~6~O 425.3023, found 425.3036 \[M + H\]^+^.

(*S*)-2-(3-Aminopiperidin-1-yl)-4-((3,5-diisopropylphenyl)amino)pyrimidine-5-carboxamide (**15**) {#sec4.20}
-------------------------------------------------------------------------------------------------

### Step 1: 1-Nitro-3,5-di(prop-1-en-2-yl)benzene {#sec4.20.1}

A mixture of 1,3-dibromo-5-nitrobenzene (2.0 g, 7.14 mmol), 4,4,5,5-tetramethyl-2-(1-methylethenyl)-1,3,2-dioxaborolane (3.6 g, 21.42 mmol), Pd(PPh~3~)~4~ (164 mg, 0.142 mmol), and K~2~CO~3~ (3.0 g, 21.4 mmol) was heated at 100 °C in dioxane--H~2~O (100 mL) with stirring under N~2~. After cooling, the reaction was quenched with saturated aq. NH~4~Cl solution, extracted with EtOAc, dried over Na~2~SO~4~, filtered, and evaporated. The residue was chromatographed on SiO~2~ gel using CH~2~Cl~2~--hexane gradient elution to afford the pure title compound (1.20 g, 83%). LC *t*~R~ 3.22 min (\>95%; method 1).

### Step 2: 3,5-Diisopropylaniline (**27**) {#sec4.20.2}

The material from the previous step (1.2 g, 5.9 mmol) was dissolved in MeOH (20 mL). The solution was stirred, purged with N~2~, and then treated with H~2~ over Pd(C) overnight. The catalyst was removed by filtration, and the solution was evaporated. The residue of title compound (1.02 g, 98%) was used in the next step without further purification. LC-MS *m*/*z* (ES^+^) 177.7 \[M + H\]^+^; *t*~R~ 2.47 min (method 1).

### Step 3: 2-Chloro-4-((3,5-diisopropylphenyl)amino)pyrimidine-5-carboxamide {#sec4.20.3}

The material from the previous step (1.02 g, 5.75 mmol), 2,4-dichloropyrimidine-5-carboxamide (1.2 g, 6.2 mmol), and iPr~2~NEt (1.3 mL) were dissolved in MeCN (20 mL), and the mixture was heated under reflux for 3 h. The resulting solution was evaporated, redissolved in the minimum volume of CH~2~Cl~2~, and chromatographed on SiO~2~ gel using CH~2~Cl~2~--EtOAc gradient elution. Fractions containing pure title product were pooled, evaporated, and triturated with Et~2~O (1.34 g, 71%). LC-MS (ES^+^) *t*~R~ 3.18 min (\>95%; method 1), *m*/*z* 332.8 \[M + H\]^+^.

### Step 4: *tert*-Butyl (*S*)-(1-(5-Carbamoyl-4-((3,5-diisopropylphenyl)amino)pyrimidin-2-yl)piperidin-3-yl)carbamate {#sec4.20.4}

The material from the previous step (66 mg, 0.20 mmol) was reacted with *tert*-butyl (*S*)-piperidin-3-ylcarbamate (44 mg, 0.22 mmol) and iPr~2~NEt (0.1 mL) by stirring in MeCN (3 mL) at 50 °C for 20 h. After cooling, the reaction mixture was evaporated, diluted with H~2~O, extracted with CH~2~Cl~2~, dried over Na~2~SO~4~, filtered, and evaporated. The residue was chromatographed on SiO~2~ gel using CH~2~Cl~2~--EtOAc gradient elution to afford the pure title compound (74 mg, 75%). LC-MS (ES^+^) *t*~R~ 3.08 min (91%; method 1), *m*/*z* 497.8 \[M + H\]^+^.

### Step 5: (*S*)-2-(3-Aminopiperidin-1-yl)-4-((3,5-diisopropylphenyl)amino)pyrimidine-5-carboxamide (**16**) {#sec4.20.5}

The material from the previous step (74 mg, 0.149 mmol) was treated with excess HCl in dioxane at room temperature for 4 h to afford the title compound (55 mg, 92.6%) after evaporation and trituration with Et~2~O. ^1^H NMR (400 MHz, DMSO-*d*~6~) δ 8.67 (s, 1H), 7.25 (s, 2 H), 7.00 (s, 1 H), 4.16 (m, 1H), 3.03--3.25 (m, 3H), 2.88 (m, 3 H), 1.85--2.06 (m, 2H), 1.68 (m, 2 H), 1.18 (app. dd, *J* = 7.0 Hz, 1.2 Hz, 12 H); LC-MS (ES^+^) *t*~R~ 2.36 min (87.2%, method 1), *m*/*z* 397.0 \[M + H\]^+^. HRMS (ES-TOF): *m*/*z* calcd for C~22~H~33~N~6~O 397.2710, found 397.2723 \[M + H\]^+^.

(*S*)-2-(3-Aminopiperidin-1-yl)-4-((3-(*tert*-butyl)-5-(methylsulfonyl)phenyl)amino)pyrimidine-5-carboxamide (**16**) {#sec4.21}
---------------------------------------------------------------------------------------------------------------------

### Step 1: 3-(*tert*-Butyl)-5-nitrobenzenesulfonyl Chloride (**30**) {#sec4.21.1}

To a solution of 1-(*tert*-butyl)-3-nitrobenzene (179 mg, 1 mmol) in CHCl~3~ (15 mL), chlorosulfonic acid (167 μL, 2.5 mmol) was added in one portion, and the mixture stirred at reflux for 48 h. Upon complete consumption of the starting material, water (15 mL) and DCM (15 mL) were added, the crude was partitioned, the aqueous layer extracted with DCM (2 × 20 mL), and the combined organic layers were washed with brine, dried with MgSO~4~, and condensed. The crude was purified by flash column chromatography (gradient: hexane/ethyl acetate = 9:1 to 3:1) to give the desired product as a brown oil (235 mg, 85%). ^1^H NMR (300 MHz, CDCl~3~) δ 8.73 (t, *J* = 1.9 Hz, 1H), 8.62 (t, *J* = 1.9 Hz, 1H), 8.35 (t, *J* = 1.9 Hz, 1H), 1.48 (s, 9H); MS *m*/*z* (ES) \[M + Na\]^+^ 300.0.

### Step 2: 3-(*tert*-Butyl)-5-nitrobenzenethiol (**31**) {#sec4.21.2}

To a solution of 3-(*tert*-butyl)-5-nitrobenzenesulfonyl chloride (0.28 g, 1.0 mmol) in toluene (8 mL), triphenyl phosphine (0.79 mg, 3.0 mmol) was added portionwise, and the reaction was stirred at room temperature for 10 min. Upon complete consumption of the starting material, water (4 mL) was added, and the mixture was partitioned. The organic layer was extracted with aqueous NaOH (10%, 2 × 15 mL), and the aqueous layer was washed AcOEt (2 × 15 mL), acidified with concentrated HCl and extracted with CH~2~Cl~2~ (2 × 15 mL). The combined organic layers were dried with MgSO~4~ and condensed to give the desired product as a clear oil (0.15 g, 72%). ^1^H NMR (400 MHz, CDCl~3~) δ 7.94 (app. t, *J* = 1.9 Hz, 1H), 7.87 (app. t, *J* = 1.9 Hz, 1H), 7.49 (app. t, *J* = 1.9 Hz, 1H), 3.62 (s, 1H), 1.27 (s, 9H); ^13^C NMR (101 MHz, CDCl~3~) δ 177.5, 154.1, 133.1, 132.0, 121.0, 117.9, 35.2, 31.0; MS *m*/*z* (ES) \[M\]^+^ 211.1.

### Step 3: (3-(*tert-*Butyl)-5-nitrophenyl)(methyl)sulfane (**32**) {#sec4.21.3}

To a solution of 3-(*tert*-butyl)-5-nitrobenzenethiol (210 mg, 1.0 mmol) in EtOH (5 mL), NaOH (48 mg, 1.2 mmol) was added, and the mixture was stirred at RT for 2 h. Methyl iodide (69 μL, 1.1 mmol) was added, and the mixture was left to react overnight. The reaction was partitioned between water and AcOEt and extracted with AcOEt (2 × 10 mL), and the combined organic layers were washed with brine (1 × 15 mL), dried with MgSO~4~, and condensed. The crude was purified by flash column chromatography (gradient hexane/AcOEt, 5:1 to 3:1) to give the desired product as a colorless oil (220 mg, 98%). ^1^H NMR (300 MHz, CDCl~3~) δ 7.92 (app. t, *J* = 1.8 Hz, 1H), 7.79 (app. t, *J* = 1.8 Hz, 1H), 7.48 (app. t, *J* = 1.8 Hz, 1H), 2.49 (s, 3H), 1.28 (s, 9H).

### Step 4: 1-(*tert*-Butyl)-3-(methylsulfonyl)-5-nitrobenzene (**33**) {#sec4.21.4}

To a solution of (3-(*tert*-butyl)-5-nitrophenyl)(methyl)sulfane (0.42 g, 1.88 mmol) in CH~2~Cl~2~ (4 mL) at 0 °C, *m*CPBA (1.10 g, 4.70 mmol) was added in one portion at room temperature. The mixture was left to warm up to room temperature and react for 2 h. Upon complete consumption of the starting material, the mixture was washed with NaHCO~3~ (2 × 10 mL) and brine (10 mL), dried with MgSO~4~, and condensed. The crude was purified by flash column chromatography (gradient hexane/AcOEt, 4:1 to 2:1) to give the desired product as a white solid (333 mg, 73%). ^1^H NMR (300 MHz, CDCl~3~) δ 8.64--8.58 (m, 1H), 8.52 (app. t, *J* = 1.9 Hz, 1H), 8.28 (app. t, *J* = 1.9 Hz, 1H), 3.16 (s, 3H), 1.44 (s, 9H).

### Step 5: 3-(*tert*-Butyl)-5-(methylsulfonyl)aniline (**34**) {#sec4.21.5}

A solution of 1-(*tert*-butyl)-3-(methylsulfonyl)-5-nitrobenzene (333 mg, 1.3 mmol) and palladium on carbon (10 mol %) in MeOH (6 mL) was stirred overnight under 5 atm of hydrogen. The mixture was thereafter filtered through Celite, solvents were evaporated, and the crude was purified by flash column chromatography (gradient hexane/AcOEt, 4:1 to 2:1) to give the desired product as a white solid (230 mg, 76%). ^1^H NMR (300 MHz, CDCl~3~) δ 7.31 (app. t, *J* = 1.6 Hz, 1H), 7.05 (dd, *J* = 2.1, 1.7 Hz, 1H), 6.95--6.93 (m, 1H), 4.02 (s, 1H), 3.04 (s, 3H), 1.32 (s, 9H); MS *m*/*z* (ES) \[MH\]^+^ 228.1.

### Step 6: (*S*)-2-(3-Aminopiperidin-1-yl)-4-((3-(*tert*-butyl)-5-(methylsulfonyl)phenyl)-amino) pyrimidine-5-carboxamide (**16**) {#sec4.21.6}

Prepared in analogous manner to **9** using 3-(*tert*-butyl)-5-(methylsulfonyl)aniline (32 mg, 10%). ^1^H NMR (400 MHz, MeOD-*d*~4~) δ 8.79 (s, 1H), 8.62 (s, 1H), 7.68 (app. t, *J* = 1.6 Hz, 1H), 7.55 (s, 1H), 4.71 (s, 1H), 4.38 (d, *J* = 11.8 Hz, 1H), 3.60--3.36 (m, 3H), 3.21 (s, 3H), 2.21 (d, *J* = 4.3 Hz, 1H), 1.93 (dd, *J* = 10.3, 5.0 Hz, 1H), 1.86--1.65 (m, 2H), 1.40 (s, 9H). HRMS (ES-TOF): *m*/*z* calcd for C~21~H~30~N~6~O~3~S 447.2178, found 447.2174 \[M + H\]^+^.

(*S*)-2-(3-Aminopiperidin-1-yl)-4-((5-(2-cyanopropan-2-yl)-\[1,1′-biphenyl\]-3-yl)amino)pyrimidine −5-carboxamide Hydrochloride (**17**) {#sec4.22}
----------------------------------------------------------------------------------------------------------------------------------------

### Step 1: *N*,*N*-Dibenzyl-3,5-dibromoaniline (**35**) {#sec4.22.1}

To 3,5-dibromoaniline (2.50 g, 9.96 mmol), potassium carbonate (4.13 g, 29.88 mmol), and benzyl bromide (3.55 mL, 29.89 mmol) was added MeCN (40 mL). The mixture was heated to reflux and left to stir overnight. After allowing the mixture to cool to RT, MeCN was removed under reduced pressure, and AcOEt (60 mL) was added. The organic solution was washed with water (3 × 50 mL), dried over MgSO~4~, filtered, and concentrated under reduced pressure to give the crude product, which was purified first by flash column chromatography (95:5 hexane/AcOEt) and then by recrystallization from boiling hot hexane with a small amount of AcOEt (filtered while hot and left to cool) to give the title compound as a white solid (3.13 g, 73%). ^1^H NMR (400 MHz, CDCl~3~) δ 7.35 (app. t, *J* = 7.2 Hz, 4H), 7.31--7.25 (m, 2H), 7.19 (d, *J* = 7.6 Hz, 4H), 6.97 (s, 1H), 6.79 (s, 2H), 4.59 (s, 4H); LC-MS *m*/*z* (ES+) (M + H)^+^ 431.8; *t*~R~ = 3.24 min. HPLC method 3 (acid).

### Step 2: 2-(3-Bromo-5-(dibenzylamino)phenyl)-2-methylpropanenitrile (**37**) {#sec4.22.2}

*N*,*N*-Dibenzyl-3,5-dibromoaniline **51** (1.00 g, 2.32 mmol), Xantphos (0.16 g, 0.28 mmol), Pd~2~ allyl~2~Cl~2~ (0.04 g, 4 mol %), and potassium 2-cyano-2-methylpropanoate (0.84 g, 5.55 mmol) were added to a pressure vessel, which was flushed with N~2~ through a septum for 15 min. Mesitylene (5.5 mL) was introduced, the septum was quickly replaced with a screwcap, and the mixture was stirred vigorously for 5 min at RT. The flask was lowered into an oil bath preheated to 140 °C and left to stir vigorously overnight. Following cooling, the crude reaction mixture was transferred to a round bottomed flask with the aid of AcOEt (20 mL) and concentrated under reduced pressure. The resulting residue was purified by flash column chromatography on silica (gradient hexane, then 7:1 hexane/AcOEt followed by 6:1 and finally 5:1) to give2,2′-(5-(dibenzylamino)-1,3-phenylene)bis(2-methylpropanenitrile) (**36**) isolated as a light-yellow oil, which solidified on standing (0.50 g, 53%). ^1^H NMR (400 MHz, CDCl~3~) δ 7.34 (app. t, *J* = 7.6 Hz, 4H), 7.31--7.22 (m, 6H), 6.83 (s, 1H), 6.75 (d, *J* = 2.0 Hz, 2H), 4.70 (s, 4H), 1.60 (s, 12H); LC-MS *m*/*z* (ES+) (M + H)^+^ 408.3; *t*~R~ = 2.88 min. HPLC method 3 (acid).2-(3-bromo-5-(dibenzylamino)phenyl)-2-methylpropanenitrile (**37**) isolated as a light-yellow oil, which solidified on standing (0.20 g, 20%). ^1^H NMR (400 MHz, CDCl~3~) δ 7.40--7.33 (m, 4H), 7.32--7.23 (m, 6H), 6.90 (app. t, *J* = 1.6 Hz, 1H), 6.85 (dd, *J* = 2.4, 1.6 Hz, 1H), 6.73 (app. t, *J* = 2.0 Hz, 1H), 4.67 (s, 4H), 1.58 (s, 6H); LC-MS *m*/*z* (M + H)^+^ (ES^+^) 419.3, 421.2; *t*~R~ = 3.14 min. HPLC method 2 (base).

### Step 3: 2-(5-(Dibenzylamino)-\[1,1′-biphenyl\]-3-yl)-2-methylpropanenitrile (**39**) {#sec4.22.3}

A stirred solution of potassium carbonate (0.20 g, 1.44 mmol), phenyl-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.15 g, 0.71 mmol), and 2-(3-bromo-5-(dibenzylamino)phenyl)-2-methylpropanenitrile **53** (0.20 g, 0.48 mmol) in 1,4-dioxane (8 mL) and water (2 mL) was purged with nitrogen for 10 min. PdCl~2~(PPh~3~)~2~ (34 mg, 0.05 mmol) was added and purging was continued for a further 10 min. The reaction was then heated 100 °C and stirred under nitrogen for 1 h. Upon cooling, the solution was diluted with water (20 mL) and extracted with ethyl acetate (3 × 20 mL). The combined organic layers were dried over MgSO~4~, filtered, and concentrated under vacuum. The crude product was purified by chromatography on silica gel (20% AcOEt in hexane) to afford the titled product (0.14 g, 74%). ^1^H NMR (400 MHz, CDCl~3~) δ 7.52--7.44 (m, 2H), 7.44--7.25 (m, 13H), 7.02 (d, *J* = 1.5 Hz, 1H), 6.92 (app. t, *J* = 1.9 Hz, 1H), 6.82 (app. t, *J* = 2.1 Hz, 1H), 4.75 (s, 4H), 1.66 (s, 6H); LC-MS *m*/*z* (M + H)^+^ (ES^+^) 417.3; *t*~R~ = 3.14 min. HPLC method 2 (base).

### Step 4: 2-(5-Amino-\[1,1′-biphenyl\]-3-yl)-2-methylpropanenitrile (**40**) {#sec4.22.4}

2-(5-(Dibenzylamino)-\[1,1′-biphenyl\]-3-yl)-2-methylpropanenitrile **54** (0.14 g, 0.34 mmol) was introduced to a flask, which was flushed with N~2~ for 10 min. Pd(OH)~2~ (0.04 g, 10--20% Pd basis), CH~2~Cl~2~ (3.0 mL), and finally MeOH (3.0 mL) were added, and the flask was purged with H~2~. The mixture was left to stir vigorously at RT for 1 h after which the flask was opened to the air, and the mixture was filtered through a pad of Celite under reduced pressure. The cake was washed with additional MeOH (30 mL) and CH~2~Cl~2~ (30 mL), the filtrate was concentrated under reduced pressure, and the crude product was purified by flash column chromatography on silica (20% AcOEt in hexane) to give the title compound as a colorless oil (60 mg, 88%). ^1^H NMR (400 MHz, CDCl~3~) δ 7.61--7.54 (m, 2H), 7.51--7.42 (m, 2H), 7.41--7.35 (m, 1H), 7.05 (app. t, *J* = 1.6 Hz, 1H), 6.86 (app. t, *J* = 1.8 Hz, 1H), 6.82 (app. t, *J* = 2.0 Hz, 1H), 1.77 (s, 6H); LC-MS *m*/*z* (M + H)^+^ (ES^+^) 237.2; *t*~R~ = 2.42 min. HPLC method 2 (base).

### (*S*)-2-(3-Aminopiperidin-1-yl)-4-((5-(2-cyanopropan-2-yl)-\[1,1′-biphenyl\]-3-yl)amino)pyrimidine-5-carboxamide Hydrochloride (**20**) {#sec4.22.5}

Compound **20** was prepared in analogous manner to **9** using 2-(5-amino-\[1,1′-biphenyl\]-3-yl)-2-methylpropanenitrile **40** and isolated as HCl salt (30 mg, 73%). ^1^H NMR (400 MHz, MeOD-*d*~4~) δ 8.61 (s, 1H), 8.04 (br. s, 1H), 7.72 (br. s, 1H), 7.70--7.66 (m, 2H), 7.62 (app. t, *J* = 1.7 Hz, 1H), 7.54--7.49 (m, 2H), 7.46--7.39 (m, 1H), 4.42 (app. dd, *J* = 14.0, 3.7 Hz, 1H), 4.08 (br. s, 1H), 3.82 (br. s, 1H), 3.69--3.60 (m, 1H), 3.57--3.48 (m, 1H), 2.27--2.14 (m, 1H), 2.05--1.94 (m, 1H), 1.88--1.79 (m, 8H); LC-MS *m*/*z* (M + H)^+^ (ES^+^) 456.3; *t*~R~ = 2.23 min. HPLC method 2 (base). HRMS (ES-TOF): *m*/*z* calcd for C~26~H~30~N~7~O 456.2506, found 456.2506 \[M + H\]^+^.

(*S*)-2-(3-Aminopiperidin-1-yl)-4-((3,5-bis(2-cyanopropan-2-yl)phenyl)amino)pyrimidine-5-carboxamide Hydrochloride (**18**) {#sec4.23}
---------------------------------------------------------------------------------------------------------------------------

### Step 1: 2,2′-(5-Amino-1,3-phenylene)bis(2-methylpropanenitrile) (**38**) {#sec4.23.1}

2,2′-(5-(Dibenzylamino)-1,3-phenylene)bis(2-methylpropanenitrile) **36** (3.05 g, 7.48 mmol) was introduced to a flask, which was flushed with N~2~ for 10 min. Pd(OH)~2~ (1.05 g, 10--20% Pd basis), CH~2~Cl~2~ (8.0 mL), and finally MeOH (30 mL) were added, and the flask was purged with H~2~. The mixture was left to stir vigorously at RT for 3 h, after which the flask was opened to the air, and the mixture was filtered through a pad of Celite under reduced pressure. The cake was washed with additional MeOH (30 mL) and CH~2~Cl~2~ (30 mL), the filtrate was concentrated under reduced pressure, and the crude product was purified by flash column chromatography on silica (1:1 hexane/AcOEt) to give the title compound as a light-yellow oil, which slowly solidified on standing (1.68 g, 98%). ^1^H NMR (400 MHz, CDCl~3~) δ 6.85 (t, *J* = 2.0 Hz, 1H), 6.73 (d, *J* = 2.4 Hz, 1H), 3.36--2.78 (br s, 2H), 1.70 (s, 12H); LC-MS *m*/*z* (ES+) (M + H)^+^ 228.2; *t*~R~ = 2.15 min. HPLC method 3 (acid).

### Step 2: (*S*)-2-(3-Aminopiperidin-1-yl)-4-((3,5-bis(2-cyanopropan-2-yl)phenyl)amino)pyrimidine-5-carboxamide Hydrochloride (**18**) {#sec4.23.2}

2,2′-(5-Amino-1,3-phenylene)bis(2-methylpropanenitrile) **38** (0.76 g, 3.36 mmol), 2,4-dichloropyrimidine-5-carboxamide (0.82 g, 4.28 mmol), and triethylamine (1.01 mL, 7.25 mmol) were dissolved in anhydrous dioxane (35 mL). The mixture was heated at 50 °C for 3 h and then left to cool to RT. Additional 2,4-dichloropyrimidine-5-carboxamide (0.06 g, 0.32 mmol) and triethylamine (0.09 mL, 0.65 mmol) were added, and the mixture was heated to 50 °C for a further 1.5 h. The reaction mixture was allowed to cool to RT, *tert*-butyl (*S*)-piperidin-3-ylcarbamate (0.73 g, 3.62 mmol) and triethylamine (1.01 mL, 7.25 mmol) were added, and the reaction mixture was heated at 50 °C for 75 min. AcOEt (60 mL) was added, and the solution washed sequentially with water (5 × 30 mL) and brine (30 mL). The organic phase was dried over MgSO~4~, filtered, and concentrated under reduced pressure to give the crude product from two displacements, which was purified by flash column chromatography (gradient 1:2 to 1:3 hexane/AcOEt) to give the product from two displacements (1.30 g, 71%). Dioxane (30 mL) was added followed by the dropwise addition of 4 M HCl in dioxane (15 mL), and the reaction mixture was stirred at RT for 24 h. Hexane (30 mL) was added, and the solid was filtered and triturated with Et~2~O to remove residual dioxane. The resulting solid was filtered and dried to give the hydrochloride salt of the title compound as a light-yellow powder (1.12 g, 98%). Mp 232--233 °C; ^1^H NMR (400 MHz, MeOD-*d*~4~) δ 8.60 (s, 1H), 7.83 (d, *J* = 1.6 Hz, 2H), 7.50 (t, *J* = 1.6 Hz, 1H), 4.39 (dd, *J* = 13.6, 3.2 Hz, 1H), 4.14--3.95 (m, 1H), 3.89--3.77 (m, 1H), 3.68--3.62 (m, 1H), 3.57--3.49 (m, 1H), 2.23--2.13 (m, 1H), 2.07--1.95 (m, 1H), 1.89--1.80 (m, 1H), 1.79 (s, 12H); ^13^C NMR (126 MHz, MeOD-*d*~4~) δ 167.2, 159.1, 152.6, 145.0, 143.9, 137.6, 124.1, 119.1, 118.6, 101.5, 46.4, 45.2, 37.3, 27.8, 27.1, 21.1; LC-MS *m*/*z* (ES+) (M + H)^+^ 447.0; *t*~R~ = 1.91 min. HPLC method 3 (acid). HRMS (ES-TOF): *m*/*z* calcd for C~24~H~31~N~8~O 447.2615, found 447.2636 \[M + H\]^+^.

(*S*)-2-(3-Aminopiperidin-1-yl)-4-((2,6-diisopropylpyridin-4-yl)amino)pyrimidine-5-carboxamide (**19**) {#sec4.24}
-------------------------------------------------------------------------------------------------------

### Step 1: 2,6-Di(prop-1-en-2-yl)pyridin-4-amine {#sec4.24.1}

A stirred solution of sodium bicarbonate (0.37 g, 4.37 mmol), 4,4,5,5-tetramethyl-2-(prop-1-en-2-yl)-1,3,2-dioxaborolane (0.93 mL, 4.96 mmol), and 2,6-dibromopyridin-4-amine (0.50 g, 1.99 mmol) in 1,4-dioxane (7 mL) and water (3 mL) was purged with nitrogen for 10 min. PdCl~2~ dppf (0.15 g, 0.20 mmol) was added, and purging was continued for a further 10 min. The reaction was then heated to 90 °C and stirred under nitrogen for 4 h. Upon cooling, the solution was diluted with water (20 mL) and extracted with ethyl acetate (3 × 20 mL). The combined organic layers were dried over MgSO~4~, filtered, and concentrated under vacuum. The crude product was purified by chromatography on silica gel (gradient 0--50% AcOEt/isohexane) to afford 2,6-di(prop-1-en-2-yl)pyridin-4-amine (0.20 g, 54%); LC-MS *m*/*z* (M + H)^+^ (ES^+^) 175.2; *t*~R~ = 0.62 min. HPLC method 2.

### Step 2: 2,6-Diisopropylpyridin-4-amine (**28**) {#sec4.24.2}

A solution of 2,6-di(prop-1-en-2-yl)pyridin-4-amine (0.20 g, 1.15 mmol) in methanol (4 mL) was hydrogenated in an H-Cube (10% Pd/C, 30 mm × 4 mm, full hydrogen, 40 °C, 1 mL/min) and concentrated under vacuum to afford 2,6-diisopropylpyridin-4-amine (0.15 g, 75%). LC-MS *m*/*z* (M + H)^+^ (ES^+^) 179.2; *t*~R~ = 1.13 min. HPLC method 4.

### Step 3: (*S*)-2-(3-Aminopiperidin-1-yl)-4-((2,6-diisopropylpyridin-4-yl)amino)pyrimidine-5-carboxamide (**19**) {#sec4.24.3}

To a stirred solution of 2,4-dichloropyrimidine-5-carboxamide (0.97 g, 5.02 mmol) in 1,4-dioxane (20 mL) was added 2,6-diisopropylpyridin-4-amine **38** (0.69 g, 3.86 mmol) and DIPEA (1.35 mL, 7.73 mmol). The reaction was heated to 110 °C and stirred for 7 h. The mixture was allowed to cool and concentrated under vacuum. The crude product was purified by chromatography on silica gel (0--2% (0.7 M ammonia/MeOH)/CH~2~Cl~2~) to afford 2-chloro-4-((2,6-diisopropylpyridin-4-yl)amino)pyrimidine-5-carboxamide (0.91 g, 67%). ^1^H NMR (500 MHz, DMSO-*d*~6~) δ 11.66 (s, 1H), 8.86 (s, 1H), 8.50 (s, 1H), 8.04 (s, 1H), 7.40 (s, 2H), 2.95 (sept, 2H, *J* = 6.9 Hz), 1.24 (d, 12H, *J* = 6.9 Hz); LC-MS *m*/*z* (M + H)^+^ (ES^+^) 334.2; *t*~R~ = 2.26 min. HPLC method 4.

To a stirred solution of 2-chloro-4-((2,6-diisopropylpyridin-4-yl)amino)pyrimidine-5-carboxamide (0.91 g, 2.70 mmol) in 1,4-dioxane (20 mL) was added (*S*)-*tert*-butyl piperidin-3-ylcarbamate (0.57 g, 2.83 mmol) and DIPEA (0.49 mL, 2.83 mmol). The reaction was heated to 90 °C and stirred for 30 min, then allowed to cool and concentrated under vacuum. The crude product was purified by chromatography on silica gel (0--2% (0.7 M ammonia/MeOH)/CH~2~Cl~2~) to afford (*S*)-*tert*-butyl (1-(5-carbamoyl-4-((2,6-diisopropylpyridin-4-yl)amino)pyrimidin-2-yl)piperidin-3-yl)carbamate (1.19 g, 88%). LC-MS *m*/*z* (M + H)^+^ (ES^+^) 498.5; *t*~R~ = 2.49 min. HPLC method 4.

To a stirred solution of (*S*)-*tert*-butyl (1-(5-carbamoyl-4-((2,6-diisopropylpyridin-4-yl)amino)pyrimidin-2-yl)piperidin-3-yl)carbamate (1.19 g, 2.391 mmol) in 1,4-dioxane (10 mL) was added 4 M hydrochloric acid in dioxane (11.96 mL, 47.8 mmol), and the reaction was stirred at RT for 4 h. The reaction mixture was then concentrated under vacuum. The residue was diluted in MeOH (0.20 mL) and loaded onto a SCX cartridge, washing with MeOH (3 column volumes) and eluting with 1% NH~3~ MeOH (3 column volumes). The ammonical MeOH was removed under reduced pressure to give the title compound as a white solid (0.85 g, 78%). Mp 225--226 °C; ^1^H NMR (500 MHz, MeOD-*d*~4~) δ 8.59 (s, 1H), 7.44 (s, 2H), 4.63 (dd, *J* = 12.7, 4.0 Hz, 1H), 4.58--4.50 (m, 1H), 3.22 (ddd, *J* = 13.6, 10.8, 3.2 Hz, 1H), 3.09--2.95 (m, 3H), 2.88--2.77 (m, 1H), 2.08--2.00 (m, 1H), 1.88--1.78 (m, 1H), 1.65--1.52 (m, 1H), 1.51--1.40 (m, 1H), 1.30 (dd, *J* = 7.0, 2.7 Hz, 12H); ^13^C NMR (126 MHz, methanol-*d*~4~) δ 170.3, 167.3, 161.0, 159.8, 158.2, 147.7, 108.0, 98.5, 51.0, 44.2, 35.9, 32.5, 23.3, 21.8; LC-MS *m*/*z* (M + H)^+^ (ES^+^) 398.3; *t*~R~ = 1.79 min. HPLC method 4. HRMS (ES-TOF): *m*/*z* calcd for C~21~H~31~N~7~ONa 420.2482, found 420.2473 \[M + Na\]^+^.

Conclusion {#sec5}
==========

We have identified highly potent and selective *in vitro* and *in vivo* probes of CaMK1 kinases through a structure-based design approach. These probes should be of utility to researchers working on CaMK1 biology *in vitro* or who wish to investigate the effects of targeting the peripheral function of CaMK1 enzymes.

The Supporting Information is available free of charge at [https://pubs.acs.org/doi/10.1021/acs.jmedchem.9b01803](https://pubs.acs.org/doi/10.1021/acs.jmedchem.9b01803?goto=supporting-info).Molecular SMILES strings and in vitro results including number of replicates and standard deviation values ([CSV](http://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.9b01803/suppl_file/jm9b01803_si_001.csv))HPLC traces for **1**--**19** ([PDF](http://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.9b01803/suppl_file/jm9b01803_si_002.pdf))Experimental data from X-ray crystal structures, experimental details for DIO mouse OGTT study, full Eurofins Discover X profiles, and NMR spectra of 18 and 19 ([PDF](http://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.9b01803/suppl_file/jm9b01803_si_003.pdf))Structure of compound **8** bound to CaMK1D ([PDB](http://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.9b01803/suppl_file/jm9b01803_si_004.pdb))Structure of compound **18** bound to CaMK1D ([PDB](http://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.9b01803/suppl_file/jm9b01803_si_005.pdb))Structure of compound **19** bound to CaMK1D ([PDB](http://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.9b01803/suppl_file/jm9b01803_si_006.pdb))
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X-ray coordinates and structures factors have been deposited in the Protein Data Bank under the following accession codes: compound **8**, PDB 6T6F; compound **18**, PDB 6T28; compound **19**, PDB 6T29. Authors will release the atomic coordinates upon article publication.
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CaMK1

:   calmodulin-dependent kinase

GWAS

:   genome-wide association studies

FOXA1

:   hepatocyte nuclear factor 3-α

siRNA

:   small interfering ribonucleic acid

CRTC2/TORC2

:   CREB regulated transcription coactivator 2

TNBC

:   triple-negative breast cancer

SYK

:   spleen tyrosine kinase

DIO

:   diet-induced obese

OGTT

:   oral glucose tolerance test
